INTRODUCTION {#sec1-1}
============

Benign prostatic hyperplasia (BPH) is a histological diagnosis associated with unregulated proliferation of connective tissue, smooth muscle and glandular epithelium within the prostatic transition zone.\[[@ref1]\] Prostate tissue is composed of two basic elements: A glandular element composed of secretory ducts and acini; and a stromal element composed primarily of collagen and smooth muscle. In BPH, cellular proliferation leads to increased prostate volume and increased stromal smooth muscle tone. McNeal describes two phases of BPH progression. The first phase consists of an increase in BPH nodules in the periurethral zone and the second a significant increase in size of glandular nodules.\[[@ref2]\]

BPH may cause physical compression of the urethra and result in anatomic bladder outlet obstruction (BOO) through two distinct mechanisms: First, an increase in prostate volume, termed the static component; second, an increase in stromal smooth muscle tone, termed the dynamic component.\[[@ref3]\] BOO, in turn, may present clinically as lower urinary tract symptoms (LUTS), urinary tract infections, acute urinary retention (AUR), renal failure hematuria, and bladder calculi.\[[@ref4]\]

Notably, two factors complicate the natural history and clinical presentation of BPH, BOO and LUTS; first, prostate volume does not linearly correlate with the severity of BOO or LUTS; and second, progressive BPH and BOO can lead to primary bladder dysfunction, which in turn can exacerbate the severity of LUTS independently of BOO.\[[@ref3]\] Collectively, BPH, BOO and LUTS are associated with increased risks of mortality, depression, falls and diminished health-related quality-of-life as well as with billions of US dollars in annual health expenditures.\[[@ref5][@ref6]\]

In the last decade, epidemiological models of BPH and BOO have evolved substantially. Although age and genetics play important roles in the etiology of BPH and BOO, recent data have revealed novel, modifiable risk factors that present new opportunities for treatment and prevention. These risk factors appear to potentially influence the natural history of BPH and BOO throughout the different stages of clinical progression \[[Figure 1](#F1){ref-type="fig"}\]. Herein, we review current concepts in the epidemiology and etiology of BPH and BOO.

![Natural history of benign prostatic hyperplasia and bladder outlet obstruction](IJU-30-170-g001){#F1}

DEFINITIONS OF BPH AND BOO IN EPIDEMIOLOGICAL STUDIES {#sec1-2}
=====================================================

A persistent challenge in the interpretation of data from population based studies of BPH and BOO is the heterogeneity of the case definitions in the literature. Investigators have utilized many different definitions for BPH, including histological analysis of prostate tissue, radiologic benign prostate enlargement (BPE), decreased urinary flow rates, urodynamic studies consistent with BOO, need for BPH surgery, AUR, and physician-diagnosed BPH and LUTS.

LUTS describes a distinct phenotype of a group of disorders affecting the prostate and bladder that share a common clinical manifestation. In recent years, LUTS has become the preferred term for studying urinary symptoms in male populations\[[@ref5][@ref7]\] because it allows for a broad, epidemiological description of urinary symptoms without identification of organ- or disease- specific etiologies. The most commonly used measures of LUTS in epidemiologic studies are the American Urological Association Symptom Index (the AUA-SI) and its internationally validated counterpart, the International Prostate Symptom Score (I-PSS). The AUA-SI and I-PSS are robust and reliable metrics for measuring male LUTS. The AUA, European Association of Urology and the World Health Organization International Consultation on Urologic Disease recommend the routine use of the I-PSS in the clinical evaluation of patients with suspected BPH and BOO.\[[@ref3][@ref8]\]

The terms BPH, BOO and LUTS remain interconnected in the contemporary treatment and study of urinary disorders in older men. However, prior epidemiological studies have not consistently utilized the term "BOO." Instead, the two terms routinely used in the literature to describe the clinical manifestations of BPH -- i.e., the adverse clinical effects of BOO -- are "BPH" and "LUTS." Therefore, the remainder of this review will focus primarily on epidemiological risk factors associated with the etiologies of BPH and male LUTS.

PUBLIC HEALTH EFFECTS OF BPH AND BOO: ADVERSE EVENTS AND COSTS {#sec1-3}
==============================================================

BPH and BOO have substantial adverse effects on the public health. Despite widespread use of medical therapy, BPH remains, on a population level, associated with a substantial incidence of BOO-associated adverse events, including LUTS, urinary infections, bladder calculi, urinary retention and acute renal failure. In a study of 3.7 million US men presenting to emergency rooms in the state of California, for example, the incidence of urinary retention increased 25% from 2007 to 2010.\[[@ref4][@ref9]\] Another important public health issue is the costs associated with diagnosis and treatment. In 2000, BPH accounted for \$1.1 billion dollars in direct health-care expenditures, 4.4 million office visits, 117,000 emergency room visits, 105,000 hospitalizations and 21-38 million h in lost productivity in the US estimated annual costs of BPH treatment in the US total at least \$3.9 billion dollars.\[[@ref10][@ref11]\]

RISK FACTORS FOR BPH AND LUTS {#sec1-4}
=============================

On a population level, there are 2 broad categories of risk factors associated with BPH and LUTS: Non-modifiable (age, geography and genetics) and modifiable (sex steroid hormones, the metabolic syndrome, obesity, diabetes, physical activity, diet, and inflammation) \[[Table 1](#T1){ref-type="table"}\].
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Risk factors for BPH and male LUTS

![](IJU-30-170-g002)
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### Age {#sec3-1}

The prevalence of BPH rises markedly with age. Autopsy studies have observed a histological prevalence of 8%, 50% and 80% in the 4^th^, 6^th^ and 9^th^ decades of life, respectively.\[[@ref12]\] Multiple observational studies from Europe, the US and Asia have demonstrated older age to be a risk factor for BPH onset and clinical progression by several different metrics.\[[@ref5][@ref10][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18]\]

Prostate volume also increases with age, with data from the Krimpen and Baltimore Longitudinal Study of Aging (BLSA) cohorts suggesting a prostate growth rate of 2.0% to 2.5% per year in older men.\[[@ref19][@ref20][@ref21]\] Although prostate volume does not directly correlate with symptom severity, prostate growth is a risk factor for LUTS progression and larger volume prostates are associated with increased risks of BPH clinical progression, urinary retention and need for prostate surgery.\[[@ref22][@ref23]\]

LUTS incidence also increased among older men. In the osteoporotic fractures in men study cohort, a prospective study of 6000 community dwelling men over the age of 65 years in the US, 29% of those without LUTS at baseline developed clinically significant LUTS within 2 years of follow-up; among those ≥ 80 years, this proportion increased to 34%.\[[@ref24]\] In the US Olmsted County cohort, 14% of men without LUTS at baseline subsequently reported moderate or severe symptoms within 18 months of follow-up and 22% reported moderate or severe symptoms within 42 months of follow-up.\[[@ref25]\] Similarly, 21% of Japanese, 26% of black American and 20% of Austrian men with no or mild LUTS at baseline reported worsened symptoms after 3, 4 and 5 years of follow-up, respectively.\[[@ref26][@ref27][@ref28]\] A recent study by Platz *et al*., followed 9628 men for progression of LUTS over 18 years based on I-PSS and observed that the incidence and progression rates of LUTS increased steeply as the men aged, with progression rates being higher than incidence rates.\[[@ref29]\]

Both prevalence and incidence of BPH and LUTS in the US increased steadily between 1994 and 2000.\[[@ref30]\] Between 1998 and 2007, the age-adjusted prevalence of BPH among hospitalized patients in the US nearly doubled.\[[@ref4]\] Notably, increases in BPH and LUTS prevalence and incidence are occurring within the context of an aging global population. By 2030, for example, 20% of the US population will be 65 years or older, including over 20 million men. Significantly, the fastest growing segment of the elderly population is the oldest age group: Those over age 85 years. Current estimates are that the number of individuals 80 years and older in the US will rise from 9.3 million in 2000 to 19.5 million in 2030, an increase of over 100%.\[[@ref31]\]

### Geography {#sec3-2}

International studies have also demonstrated geographic heterogeneity in prostate volume and LUTS prevalence. Significantly lower prostate volumes have been observed in men from Southeast Asia compared to western populations.\[[@ref32]\] However, smaller volume did not always correlate with a decreased prevalence of LUTS: Ganpule, *et al*., demonstrated lower prostate volume, but higher mean IPSS values in a population of 2406 Indian men compared to men in western regions.\[[@ref33]\]

### Genetics {#sec3-3}

Evidence suggests that there are genetic components to both BPH and LUTS. One case control analysis, in which cases were men less than 64 years of age who underwent surgery for BPH, noted 4-fold and 6-fold increase in the age-specific risks of BPH surgery among all male relatives and brothers, respectively, of cases. These investigators further estimated that 50% of men undergoing surgery for BPH less than 60 years of age had an inheritable form of the disease.\[[@ref34]\] These findings and those of others have suggested an autosomal dominant pattern of inheritance.\[[@ref35]\] Men with inherited forms of BPH tend to have a larger volume prostates and earlier age of onset of clinical symptoms then men with sporadic BPH.\[[@ref36]\]

Monozygotic twin concordance rates of 63% and 26% have been observed for LUTS and BPH, respectively, with one study estimating that genetic factors may contribute as much as 72% to the risk of high-moderate or severe LUTS among older men.\[[@ref37][@ref38]\]

Gene polymorphisms have also been implicated in the development of BPH. In a study of 160 North Indian men with LUTS, deletions of Glutathone S-transferase enzyme genes, thought to confer cellular resistance to oxidative stress, were significantly associated with an increased risk of symptomatic BPH.\[[@ref39]\] Another North Indian study demonstrated a 2-fold risk of histologic BPH in men with CAG repeats in the androgen receptor gene and a 16-fold risk in the presence of the prostate specific antigen (PSA) G-158A single nucleotide polymorphism.\[[@ref40]\]

### Sex steroid hormones: Testosterone, dihydrotestosterone and estrogen {#sec3-4}

In prostatic secretory cells, the hormone 5-alpha reductase converts testosterone to DHT, a potent stimulator of prostate growth that, in addition to being necessary for prostate development, appears to play a central role in BPH pathogenesis. Multiple studies have explored associations of endogenous sex steroid hormones -- namely testosterone, DHT and estrogen -- with BPH and LUTS.

At least 7 observational studies have reported no associations and 5 inverse associations of serum testosterone (total, bioavailable, or free) with BPH or LUTS.\[[@ref41][@ref42][@ref43]\] No studies to date have reported an increased risk of BPH or LUTS with higher serum testosterone levels. Furthermore, data from a subset of men in the Proscar long-term efficacy and Safety trial demonstrate low testosterone (\<300 ng/dl) in 21.7% of aging men with BPH.\[[@ref44]\] A salient, but theoretical, concern of testosterone replacement therapy is the potential for it to exacerbate BPH, BOO and LUTS.\[[@ref45]\] These observations, however, imply that higher serum testosterone concentrations do not promote BPH and even are potentially protective.

Several studies have noted an increased risk of BPH with increased serum concentrations of DHT and its metabolites. In one prospective study of community men, those with the highest midlife levels of DHT had nearly 3 times the risk of subsequent BPH compared with those with the lowest levels.\[[@ref42]\] These results are consistent with 3 prior studies of serum concentrations of two DHT metabolites: 17b-diol-glucuronide and androstanediol glucuronide. These metabolites are surrogate markers for DHT activity, with higher concentrations indicating increased and lower concentrations decreased levels of DHT. Two cross-sectional and one prospective study have shown direct associations of these DHT metabolites with BPH or LUTS.\[[@ref42][@ref43]\]

Five-alpha reductase inhibitors (finasteride and dutasteride) decrease serum concentrations of DHT\[[@ref46]\] and prevent clinical progression of BPH and LUTS.\[[@ref47]\] In addition, a recent analysis of the Prostate Cancer Prevention Trial observed that finasteride reduced the risk of incident symptomatic BPH and LUTS -- the first study to suggest that BOO onset may be prevented in asymptomatic men.\[[@ref48]\]

In contrast to DHT, no clear patterns of estrogen, BPH and LUTS have as yet emerged. Prior studies have reported positive, negative and null associations of endogenous estrogens with BPH and LUTS.\[[@ref42]\] However, one study has observed increased efficacy for reducing stromal cell proliferation in human BPH through the use of selective estrogen receptor modulators in combination with five-alpha reductase inhibitors.\[[@ref49]\]

### The metabolic syndrome and cardiovascular disease {#sec3-5}

A notable and relatively recent development in the epidemiology of BPH and BOO is the recognition that modifiable life-style factors influence the natural history of these conditions. Accumulating data suggest that many of the same metabolic disturbances associated with cardiovascular disease -- and the life-style factors that alter these disturbances -- influence the risk of BPH and LUTS. These observations are important because they suggest novel targets for prevention and treatment.

The metabolic syndrome is a collection of metabolic abnormalities -- obesity, glucose intolerance, dyslipidemia and hypertension -- that increases the risk of cardiovascular disease and results primarily from dietary and other life-style practices endemic to Westernized societies.\[[@ref50]\]

Despite heterogeneity in definitions and diagnosis, accumulating evidence suggests associations of metabolic syndrome with increased risks of BPH and LUTS.\[[@ref51]\] In one cohort, men diagnosed with at least three components of the metabolic syndrome had an 80% increased prevalence of LUTS compared with those with no components. Other studies have shown that men with heart disease are at significantly increased risk of both BPH and LUTS.\[[@ref52][@ref53]\]

### Obesity {#sec3-6}

Prior studies have consistently observed that increased adiposity is positively associated with prostate volume: The greater the amount of adiposity, the greater the prostate volume. Body weight, body mass index (BMI) and waist circumference have all been positively associated with prostate volume in multiple different study populations.\[[@ref54]\] In the BLSA cohort, for example, each 1 kg/m^2^ increase in BMI corresponded to a 0.41 cc increase in prostate volume. Moreover, obese (BMI ≥ 35 kg/m^2^) participants had a 3.5-fold increased risk of prostate enlargement compared with non-obese (BMI \<25 kg/m^2^) participants.\[[@ref55]\]

A preponderance of evidence also demonstrates that obesity increases the risks of BPH surgery, initiation of BPH medical therapy and LUTS\[[@ref54][@ref55][@ref56]\] and decreases the efficacy of finasteride\[[@ref48]\] and dutasteride\[[@ref57]\] for the treatment of BOO.

### Diabetes and disruptions in glucose homeostasis {#sec3-7}

Disruptions in glucose homeostasis at multiple different levels -- from alterations in serum insulin growth factor (IGF) concentrations to diagnosis of clinical diabetes -- are associated with higher likelihoods of BPH, BPE and LUTS. Higher serum concentrations of IGF-1 and insulin-like growth factor binding protein 3 have been associated with increased risk of clinical BPH and BPH surgery.\[[@ref58]\] Physician-diagnosed diabetes, increased serum insulin and elevated fasting plasma glucose have been associated with increased prostate size and increased risks of prostate enlargement, clinical BPH, BPH surgery and LUTS in multiple different cohorts cumulatively incorporating tens of thousands of men.\[[@ref54][@ref58][@ref59][@ref60]\] Recent findings from Olmsted County demonstrate that diabetic men on medical therapy had decreased odds of moderate/severe LUTS compared with those men not on medications.\[[@ref61]\]

### Physical activity {#sec3-8}

Increased physical activity and exercise have been robustly and consistently linked with decreased risks of BPH surgery, clinical BPH, histological BPH and LUTS.\[[@ref54][@ref56]\] A meta-analysis of 11 published studies (*n* = 43,083 men) indicated that moderate to vigorous physical activity reduced the risk of BPH or LUTS by as much as 25% relative to a sedentary life-style, with the magnitude of the protective effect increasing with higher levels of activity.\[[@ref62]\]

### Diet {#sec3-9}

There are some indications that both macronutrients and micronutrients may affect the risk of BPH and LUTS, although the patterns are inconsistent. For macronutrients, increased total energy intake, energy-adjusted total protein intake, red meat, fat, milk and dairy products, cereals, bread, poultry and starch potentially increase the risks of symptomatic BPH and BPH surgery; vegetables (particularly carotenoids), fruits, polyunsaturated fatty acids, linoleic acid, Vitamin A and Vitamin D potentially decrease the risks of symptomatic BPH and LUTS.\[[@ref55][@ref63][@ref64]\] For micronutrients, higher circulating concentrations of vitamin E, lycopene, selenium and carotene have been inversely associated with BPH and LUTS;\[[@ref55][@ref63][@ref65]\] zinc and vitamin C have been associated with both increased and decreased risk.\[[@ref63][@ref64][@ref65][@ref66]\]

Finally, with respect to alcohol consumption, a meta-analysis of 19 studies observed that alcohol intake was associated with decreased and increased risks, respectively, of BPH and LUTS.\[[@ref67]\]

### Inflammation {#sec3-10}

A majority of observational studies suggests that inflammation is linked to the development of BPH and LUTS. The mechanisms underlying this relationship are unclear. One potential explanation is that the metabolic syndrome, which promotes systemic inflammation and oxidative stress, mediates the connection. Inflammation has been implicated as a primary stimulus for prostate carcinogenesis and it is possible that BPH represents a non-malignant proliferative pathway promoted by oxidative stress and inflammatory mediators.\[[@ref51][@ref68]\]

There are strong links between BPH and histological inflammation in surgical specimens, with the extent and severity of the inflammation corresponding to the magnitude of prostate enlargement and BPH area.\[[@ref69][@ref70]\] Data from the REDUCE trial suggest that more severe inflammation detected in prostate biopsy core specimens is correlated with higher IPSS scores.\[[@ref71]\] Men with LUTS are more likely to have higher serum C-reactive protein, a marker of systemic inflammation\[[@ref72]\] while prior gonorrheal infection or prostatitis increase the likelihoods of BPH surgery and LUTS.\[[@ref73]\] A history of infection with gonorrhea, chlamydia or trichomonosis increases the risk of elevated PSA;\[[@ref74]\] high serum IgG antibody titers to cytomegalovirus, herpes virus, human papilloma virus and hepatitis are associated with LUTS.\[[@ref75]\]

Conversely, inhibition of inflammatory pathways potentially attenuates BPH risk. In one community cohort, men who reported daily non-steroidal anti-inflammatory (NSAID) use experienced significantly decreased risks of LUTS, low urinary flow rate, increased prostate volume and elevated PSA.\[[@ref76]\]

### Other risk factors {#sec3-11}

Other modifiable risk factors for which clear patterns of risk have not yet emerged include hypertension, serum lipids and lipoproteins and smoking.\[[@ref77]\]

CONCLUSION {#sec1-5}
==========

In summary, BPH and BOO are of significant importance to public health, affecting tens of millions of older men globally. Current disease trends in the US, Europe and other regions suggest that the incidence and prevalence of these conditions will increase in the near future due to aging of the world population and the increased prevalence of the metabolic syndrome and its components, thereby placing even greater burdens on finite resources. While age and genetic factors play a role in the development of BPH and BOO, many modifiable variables contribute as well - factors that potentially may be altered in order to delay onset, prevent progression or diminish symptoms. Potential strategies include inhibition of DHT synthesis with five-alpha reductase inhibitors, modulation of metabolic risk factors with comprehensive life-style interventions incorporating diet change and physical activity and suppression of inflammatory pathways with NSAIDs.
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